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C H A P T E R I 
I N T R O D U C T I O N 
1ΉΕ DfcVFLOl'MENl OF IIX.HNIQUIS FOR Ml· ASURINC; CASTRIC I'MPFYING 
Gastric emptying is an impoitant Innctional parameter of the stomach 
in health and disease Several methods in the past ha\e been attempted 
to evaluate the rate at which the stomach empties its contents One ol 
these methods depends on radiological examination alici the adminis­
tration of a barium meal. This ollcis inlormation about the start and 
the completion of gasti ic e m p u i n g without le le icnre to events 111-
betwecn. 
lùirlher, a barium meal is not a ph\siologi<al meal and the Undings 
arc not nccessaiily valid. 
Another method is aspuation ol gastiic contents after a test meal as 
¡ndicnted by Hunt , (Hunt and Spui rel 1951), and employed since In 
other imcstigatois (McGill 1ÍHÍ8, Beigci Η)Γ>9, h e y 1971, M. Vagne 1971, 
Herstad 1971 a.o ). This method is coaise and diflicult to pei form. 
The (onditions under which it takes place aie lai from being phys­
iological. 
In ]9f>() Griffith introduced a tracer icrlinicjiie using a radio-active 
labelled test meal. Thi s technique is based on an obseivation desciibed 
by H u n t (1951) that gastric emptying is an exponential piocess. 
Using an automatic scintiscanner, Griffith obtained values of counts 
which could be plotted semi-logarithmically versus lime This means 
that the count late is written logarithmically on the Y-axis, the time 
on the linear X-axis T h e rate of emptying could therefore be con­
veniently expressed as the hall life of the meal in the stomach ( T 1 ^ ) . 
Since then this method was used by other invcstigatois among whom 
Harvey (1970), Meade (1970) and Fiidrich (1970) arc mentioned. 
In the present study, the initial technique of Griffith was mod i I ¡cd to 
provide a clinical lest lor evaluating gastric emplving, which lulfills 
the following conditions: 
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1. Being physiological 
2. Reasonably acculate 
3. Reproducible and leliable. 
T h e purpose ol this investigation is to report on the clinical usefulness 
ol this method as applied to the evaluation of gastric emptying time 
in normals and suigical patients with gastric and extra gastric 
abdominal pathology 
HISTORICAL BACKGROUND 
T h e circumstances under which the first surgeon-physiologist could 
do his observations on gastric emptying were unique. In 1822, William 
Beauniont, an American army surgeon, was asked to see the 18 year 
old Alexis St. Mai tin, who had been shot in the abdomen. 
Beaumont diagnosed a huge penetrating wound in the patient's lelt 
lateral side, fiom which his perfoiated stomach protruded. As part 
of the lungs and ribs were also damaged, Reaumont judged his patient 
to be past recovery. 
Apparently Alexis St. Mart in was in a very stiong physical condition 
for he made a full recovery but his wound never closed, so that 
Beaumont had the opportuni ty to use this fistula as an observation 
hole for digestive processes for many years (the patient outlived his 
doctoi for 25 years and died at the age ot 83). 
Since Beaumont, several investigators were inteiestcd in gastric 
emptying. 
In „Het Nederlands Tijdschrift voor Geneeskunde" we find several 
authois from as early as 1900, reporting on gastiic function. 
Van Spanje (1903) used Jodipine (a preparation of iodine in vegetable 
oil) as a parameter for the motor function of the stomach. Following 
the administration of jodipine he instructed his patients to produce a 
sample of saliva eveiy five minutes, in older to see when lie could 
trace iodine in it. 
In 1913 the same author used the method of aspirating gastric contents 
after a meal of two dry biscuits. Other Dutch investigators who used 
the method of suction and aspiration include van T.eersum (1900), Kuyer 
(1909), Halbertsma (I91fi) and Schleuder (lOfil). 
In 1951 H u n t discussed the pattern of gastiic emptying. He was the 
first to state that at least in the beginning and middle phase of the 
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рюсеьь, gasine emptying was an exponciiti.il tiinciion -Vlthough his 
iippiOtich was not ph)siologiail, H u n t s iniclings weic ot gicat 1111 
poi tance 
T h o m a s (1457), Αι milage (1%3), Beigei (1903) and Biomstci (1968) 
aie among lliose who toninmccL H u n t s lindings 
Hopkins in 1965 pleaded loi a pattern ot emptying in whi th the sipi.ue 
loot ol the \oliime of the meal was tested with less e n o i than the 
expontnt ia l form 
In the p e u o d tollowmg the Second Woild Wai, i.ulio isotopes became 
mcieasingl) available loi clinical and medical leseaich l l n s paved 
ihe wa) to ihe utilization ol t iatci metliodology loi investigating .nul 
undeistanding ph)siologic<il iunclions, and loi diagnostic apphcatitons 
The technicpie, intioduced by G n l l i i h , employed 3 l C i as a lacho 
active label in a lest meal which can be tiaced b) lachation detectois 
ovei a time inteival, thus enabling him to delci nunc the gasine 
emptying time 
Howevei, the physical 13^ of ^'Ci being 27 days lestncls the i.iclio 
activity dost given to the patients and limits the flexibility ol the 
technique ( T h e estimated radiation dose dehveied to the gastro 
intestinal tiact fiom a tesi close of 200 ^ C i is 1,1 l a d , I C R P p u b h 
cation (1971) ) 
In the past five ycais OTmTt, a shoit lived lacho nuclide of six houis 
half life, became commcicially available I his inteiesting and uselul 
radionuclide is now vvideh used in the held ol nnclcai medicine, toi 
leasons elaboiatcd on in the lollowmg chaplei 
13 

с: Η Α Ρ Ί Κ R 1 I 
M E T H O D O L O G Y 
PRhI'XRA'IIÜN OJ- ΤΗ1·: »9'»ТС L\BEI. 
The name oí the element, techneiiiim mcuning aititici.il, was given 
by Perrier and Segrè in 1947. They identitied the element with atomic 
number 43, obtained after bombarding a molybdenum nucleus with 
neutrons or dénierons. One ot the ladio-active isotopes ot this element 
is чаш'Гс. 
Table I summarizes the mei its of эти'Тг (Ка/еш HMì?) 
Table I. T h e merits of Technet ium ,10111 
Properties Description 
.Six-hours half-lite 
Monochiomatic 111 keV —ray emission 
Low j'-ray dose-rate tactor (0G1 R/mCi/h/cm) 
Easily obtainable by milking а 99ЛГо-сол\ 
Easily shielded, collimateci, and assa)ed 
T h e possibilit) of administering a high activity dose 
(millicuiie amount) with minimal ladiation dose to 
the patient 
Physical 
Obtainable canicr-hee with high radiochemical purity 
Pertechnetate ion T c 0 4 - is biochemically similar to I-
Chemical Chemically reactive, lorming scvetal suitable radio-
phaimaceuticals 
Easy to prepare, pmcess, and sterilise 
Short cttective and biological half-life (biological: T J ^ . 
1.8 days) 
Pertechnetate behaves biologically similar to iodide, i.e. 
Biological distributed initially in extiacetiular space, and con­
centrates in thyroid and salivaiy glands 
Several 9»>»T(-conij>oiincls suitable for dilferent clinical 
tracer studies are available 
T h e i e are several radiopharmaceuticals labelled with 'Wm'ic that are 
suitable foi investigating diffeient organs. 
Table II lists these compounds (Kazem 1967). 
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T a b l e II. T e c h n e t i u m 9 9 l l L compounds lor organ scanning 
Compound 
Penechneta te 
(99,nTc04-) 
'»'""Tc-labelled 
l iuman Noi mal 
set um 
a lbumin 
( Micioaggiegates 
D e n a t u i e d I Macroaggregates 
ччіпТс -complexes «»"'Tt-Fc-complex 
9 4 l , ,Tc-gl ) cine-complex 
Colloids 
ч<,,, |
Тс-ыі1рІші -colloid 
<)
'
) l l lTc-aiitiinony-siilpIiide-colIoid 
Oigan/Systcm 
Biain 
T h y i o i d 
Salivai y glands 
Cardiovascular 
Placenta 
L h e r 
Lympthati ts 
Lungs 
Kidneys 
Ki(lne\s 
I.ivei 
Bone manow 
Livci 
Intioducecl b) 
Hai pei et al. (1962) 
Stern el al. (1965) 
Mc A Ice et al. (1964) 
T a p l i n et al. (1964) 
T a p l i n et al. (1964) 
Harper et al. (1964) 
Hai pei et al. (1966) 
Ka/em et al. (1966) 
Hai pei et al. (1964) 
Atkins et al. (1965) 
Gar/on et al. (1965) 
in oui seal eh loi а ь ш и Ы с шшриипс! labelled и u h :i ' " l e iluii is not 
•ibsoibed Irò m the gastio-iiiLesiiiuil iiact, '•>>"> 1 c-aiitimoin -sulpliide-
colloid lullilled ilus ріироье, Ьссаиье и іь iiiboliible. 
In oidei to coiiHrm that Tc-aiiUmoii) sulphide colloid is not absoibed 
in the gaslio-intestinal tiact three experiments with labbits and one 
on a \ohinteer weie perloinied. 
In expeiiments with rabbits 1 mCi ol the ladionnclide was intiochtced 
in the stomach through a tanmila. I he administeied activity was 
diluted in a volume of 10 tc ol phybiological salt solution. 
Blood samples weie collected Iroin the animals e\ei\ 30 minutes, ovei 
a period of Sj/j houis. Another sample was obtained altei 24 houis. 
T h e lilood sample activity was counted in a well type scintillation 
lounic i . The icsults of these measuieinents are tabulated in table III . 
Min. 
30 
no 
90 
120 
150 
180 
210 
24 his. 
Rabbit A 
0,003% 
0,09 
0,0fi 
0,6 
0,1 
0,3 
0,5 
0,1 
(1 
(1 
/O 
O/ 
О ' 
/О 
о 
I' 
о 
о 
Ο ­
ΖΟ 
Riibb 
0,004 
0,07 
0,07 
0,2 
0,1 
0,1 
0,1 
0 
it И 
I o ' 
1
 /о 
О ' 
/ с 
о 
О 
о 
О 
о 
О 
о 
(I 
fi 
(J 
Rabbit С 
0 
(U>i% 
o.i % 
ол % 
0,2 % 
0..Ί % 
0,1 % 
0 
I j b l c III \cti\i l\ p c i m i t a f ' e s in ihc blood samples ol 
l ince r.ibbits, following an оіаііл a d n i m i s l t i e d 1 mCi 
ol Ί',ιιι Τ с a n t i m o i n sulj)liKle-(olloid. 
Similar experiments were obtained fiom a \olunteci who leceived a 
dose of 1 mCi' , ' ) , l lTc-anlimoiiy-sulphide-colloid diluted in 20 cc ol tea. 
Blood samples weie also oblaincd every 30 minutes lor 3 houis, at 
the end of which a urine sample was obtained. 
T h e urine activity amounted to 0,05%. 
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Table IV shows the aciivii) \allies in the blood 
M m % activity 
80 
<>0 
90 
120 
lr)() 
180 
0,00G 
0,007 
0,004 
0,007 
0,00') 
0,002 
I .iblc 1\ \cllMt\ pCHLlltilgCS in 
ihe lilood samples ot л \nlimlcci 
aftci an oial close ol 1 m( ι of the 
ladionuclule 
It is obvious Irom both animal and luinian expernnents that there 
is haidly an) 9 9 l u I с antimoii) sulphidL colloid absoibetl h o m the gastio 
intestinal tiact I h e tiace ol activity detected in the blood and u i m e 
is due to the m i n u t e tiace ol h ее ч 9"1 ГсО. that (ont.mima tes the 
4 
labelled colloid 
T h e Ч Я | 1 lc-antimony sulphide colloid used m the piesent studies was 
piepared in the laboratoiy ot the depai intent ol Radiat ion T h e i a p ) 
and Nucleai Medicine ol ihe St Radboud Hospital, U i m e i s i t ) ol Nij 
niegen, Holland, accoiding to the method descubed b) Gai/on ( l%5) 
T h e pioceduie in summaiy stalls by obla inmg Technet ium as pei 
technetale horn a genciatoi conlaining the paient element !>o\[0 Th i s 
gcneialoi is called the I с cow and the pioceduie ol eluting the 
pei technetale is called milking T h e e luuon is achieved bv passing ph\ 
siological salt solution i lnough the gcneialoi 
T h e piepaiat ion and labelling ol the colloid involves a sei ics of 
chemical leaciions in which the lollowing leagents aie employed 
feriosulfide, К a n t i m o m u m t a i t i a t e and polyvinyl pynol idon 
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IHL KADIATIÜ.N UI 1LC10R b \ S l l M (1HL ( . \ M \ I \ C A M L R A ) 
m e yainina Ldineia іь α ы.июіыі) aeiccioi equipiuciu used loi the 
visualization οι speline oigaiis лші the stud) οι d)n<imic piocesses 
uliiizing latuo-isoiopes In these siudies <i i'lekei Dyn.i сапіеы H I has 
been used 
1 he D)n.i l ameia eonsists ot a lol l imatoi, a scmlillation i i)btal, a 
light pipe, an a n a ) ol 11) photomult ipl ie i Lubes and a one b a n d i e d 
channel a n a l y e i data piocessoi 
i lie 13J/2 nu l l diaineiei c e s t a i h^is .in eitective held ol 12 inch cha-
metei ol \ic\\. 
1 he colliinatoi is an a n a ) ol paiallel holes pei pendu niai to the 
ci)sial lace, anai iged in a laige siali ol lead that complctel) co\eis 
llic viewing tace ol the ci)stai 
I he collimatoi iheietoic admits gamma с с і іь that aie p e i p c n d u u l a i 
lo the ci)sial wlule shielding the ci)sial against e\cnis tliat aie not 
Ganiina events ciuci ihe ci)sial in a location conespondnig to Uien 
loc.ilion in ihe oigan 1 hose gamma events ihai aie absoibed in the 
ci)stal piodiKC light ll.ishes tJi.il a ie iiaiisiniited h) the liglit p ipe to 
be seen h) the 19 photoimil i iphei tubes. Щ adding ihe signals coming 
h o m с е н а т tubes analog signals icpiescniing the X and Y cooidinates 
ol ihe position ol the absoiption location in the ci)stal can be obtained 
1 hese analog signals aie then com cited to digital signals b) a heigh t-
lo-tnnc c o m e n e i I h e aitivit) ihs inbut ion in the patient can be 
visualised both on a meinoi) monitoi scope and on a cameia scope 
loi making polaioid pictuics using this inloimation 
I h e l))iia cameia data piocessoi togethei with a llexible selection 
ol legions ol inlet est give the capabiht) ol dclcimining the t o n i numbei 
ol counts in selected legions 
I h e I'ickei D)na cameia is luithei extended b) ihe image enhancement 
s)stc'in ( i c s s)slcni) composed ol a PDF S L compilici, a telet)pe, a 
mciuoiv scope and a carnei a scope loi a polaioid cunei a Fig 1 
1 he signals coming horn the gamma cunei a can now be piocessed, 
u lu le polaioid black and while and coloni piciuies c m be made m 
such a wa) that each shade oi coloni lepiesenls a ceilani i.ingc in the 
inunbei ol counts 
K K . l l U I O S O l (.VSIKIC I V I I M V I N C 
The stomacli pl<i)s a cenunl iole in the h u m a n hie, not onl) irom the 
phvsiological and anatomic point ol view, but also in evei)d.i) folkloie 
19 
20 
In the Diitcli language scleral expressions can be ciied concerning the 
stomach which locus on the idea that there aie emotional influences 
on gastric emptying. 
Thomas (1957) in his extensive study on inerhanits and regulation 
ol gastric e m p m n g menuons the follouing (actors: 
I. T h e plnsical and chemical propcitics ol the food. 
'1. The tonccntrat ion of soluble constituents in the lood. 
3. The volume ol the food. 
•1. T h e acidin c.q. alkalinii) of the gastric contents. 
5. A g ioup ol other factois such as: exercise, environmental tcnipeiature, 
pathological conditions, vitamin dclicncies, gastritis, emotional dislur-
banccs and di ugs. 
Fifç 1 ГІіс g;inini,i с anici л 
1 ^ ilio i le teuoi a n d (ol l imaloi 
2 = monitoi and pula io id c m i c i a scope"» 
3 = (onl io l roncole 
Ί _= dala puxcsso i with scope 
5 — I'DPS — I — (oinpuU'i asvislcd ипаце c i i l i a i u c m c n l s\Mrni 
6 — ic lct\pc. 
Berger (I9(J9) .limosi romes to the same conclusions. 
H u n t (1963) speaking on the Ninth Annual Memorial Lecture of the 
Ameiican Castio-Enteiological Association in San Francisco, stated 
that gastric emptying may he seen as the lesult of the activity of a 
gaslm-duodenal pump. T h e i.itc of tianslei ol lood Irom the stomach 
to the duodenum is seldom at its maximum, due to the inhibition of 
peristaltic activity fiom e\cilatccl icceptois in the walls ol the tluodeiunn 
and small intestine. 
A point, which is ollen discussed concerning gastric emptying is giaxity. 
Thomas ( 1 9 J 7 ) suggests that in noi mal gasiiic contents, uhethei animal 
or plant tissues in the lootl, the effect of giavity is negligible 
H u n t (19(i4) expei ¡inenting with various lest meals and a mechanical 
hindi л ne e to the gastiic medianism, came to the same conclusion. 
I HI TRU IR I'ROC 1 DURF 
In testing gastiic Innclion in such a way thai the phvsiological n a t i n e ol 
the investigations is maintained, the aclministeied test meal should 
consist of standard lood ilems uhich the investigateci individuals arc 
used to. No special prepaiat ion ol the patient should be pcifoimed so 
that no unusual lartoi would alter the validity ol the test 
In the present studies, the nic.il is given as a slanciaid brcaklast alter an 
overnight fasting. 
It is not simple to get an impression of what is a nomini Dutch break­
fast, much depends on the time people allow themselves for brcaklast. 
T h e test meal we used as a standard bieakfast is based on a compiomise 
of an average breakfast used bv dillerent individuals, so lar as Dutch 
ciicumstances aie cone ci ned. 
This meal was acceptable to all volunteeis and patients, most of them 
even enjoyed it. 
T h e composition of the meal was as follows: 
— one slice ol bread (30 grammes) and buttei (5 giamines) with a slice 
of cheese 01 alternatively a slice of ham (20 grammes). 
— one solt boiled egg. 
— two tups ol tea with 10 giammcs sugar in each 
Concerning the fact that lat causes an inhibiloiv с I feu on the e m p n i n g 
rate, ham and cheese were chosen as tlicv piactitallv contain the same 
percentage of fat. 
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Gastric emptying in this study is expressed as T ^ of the administered 
radio-active meal. 
The day before the study is to be performed the details of the experi-
ment are explained to the persons to be studied. 
This is essential to guarantee the subject's cooperation and alleviate any 
source of worry or anxiety. 
On the morning of the study the patient arrives in the laboratory after 
an overnight fasting. No restrictions were made concerning the dinner 
from the previous day. The standard breakfast is served to the patient 
who is instructed to eat half his meal after which he drinks a cup of 
tea containing the radio-active tracer in a dose of 100 micro-Ci. 
The estimated radiation dose delivered to the stomach from 100 micro-
Ci is 0,032 rads. (I.C.R.P. publication, 1971). 
Following the administration of the activity the time is marked with a 
stop watch. Then the patient is allowed to finish his meal, after which 
measurements with the gamma camera begin. This is achieved by 
placing the subject under the camera detector in the supine position. 
The stomach is seen on the monitor-scope when the data processor 
region of interest is selected, so that only the stomach activity is in-
cluded. Fig. 2. 
Fig. 2. Stomach visualization of a volunteer 
following the test breakfast labelled with 9<>mTc. 
The position of the patient or volunteer in relation to the detector 
is marked on the skin of the chest and abdomen to ensure the re-
2.4 
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Rtllltttmitnm^ 
Ι Π I Ι Ί 
AFTER 20' 
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ι ι ι 
AFTER 30' 
....Лк rowniliiiirt^......-, 
L'I 
prodiicibility of the position. A histogram of the gastiic activity is 
obtained on the data pioccssoi scope of the cameia, as counts accumu­
lated in 2 minutes. Fig. 3 . 
Alter the liist measurement is made, the volunteei is allowed to walk 
for a slanciai eliseci distance (200 meters). Depending on the spescl of 
evacuating the lest meal to the duodenum, 7 to 10 leadings aie ob­
tained at 5 to 10 minutes interval. T h e counts obtained in all these 
readings are corrected loi deca) and hackgiound activity as pointed 
out below. Background activity is dele imined by calculating the total 
counts for α pei iod of 2 minutes when the patient is out ol the room. 
These counts are subii acted I rom the leadings when the patient is 
under the detector. T h e decav table for пяшт
с
 j
s u s e
( i ю correct the 
count rate for physical decay. 
T h e conettccl count rate at each moment is then plotted on semi 
logarithmic paper, and the gastiic emptying cui\e fitted accoiding 
to the least scpiare method This is made on the Hewlett Packaul cal-
culatoi, piogiam 708/2 (1965). 
I ig. 3 Scimi Msiiali/aiion a n d gast i ic .icuviH incaMiicinciiis in a noi nial міІ)|с<і 
Lel t : the sci al s u n l i p h o t o t ol ilic d i in ini s lung in l ia gasii .c .icti\ii\ 
Righi (he ( o n e s p o n d i n g hi i logia ins of counts pei І и о ni inulcs, as p i o d i i c u l 1)\ llic 
militi (haniiL'l a n a K s c i . 
Gastric emptying lime is then expressed ;is the halt time, TJ/j, this 
being the time in which half the activity meal leaves the stomach. 
This exponential function is expiessed in the following toi mula: 
A (t) = A (o), e"'- 1 
/.ТИ = 0 - f i 9 3 
In this Ιοί mulas 
A (t) repiescnts the activity at time t; 
A (o) repiesents the a c l n i t ) al starting time; 
e = liase ol natural logai ithms; 
/ = emptying constant. 
In the next table a totally lalculaicd example can he seen 
I ahli ' \ . C.ilrulaiion of cinptMiig l ime ( I у
г
) noi mal \ ali lo. Τ he tOLiiits in 
the la^t c o l u m n i c p i c i o n l the figine-i AS Mibimlleil lo the Hew lelt P a i k a u l 
cale u l a i o i . 
c/min. corrected c/min. corrected 
Min. t/2 min. c/min. for background for decay* 
35019 
32310 
29705 
27()3'i 
24611 
21301 
19773 
1734S 
12712 
17559 
16170 
14851 
13817 
12305 
10650 
09886 
8674 
6356 
16559 
15170 
13854 
12817 
11305 
9650 
8886 
7674 
5356 
16800 
15500 
14300 
13400 
12000 
10400 
9600 
8500 
6100 
* \ aines m lilis rol i imn a ie l o i m d e d oCl 
r = 0,995 = rcgiession coefficient 
/ = 0.015 
A,, = 19000; 'Yy2 — 46 min. 
26 
11 
15 
22 
27 
33 
45 
19 
61 
75 
A 
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100 
counts/mm 
100-i-
80 
60 
40 
20 
10 
б 
6 
4 - - -
H В M 28 yr 
Τ/έ=53' 
0 20 4 0 6 0 
•^*~ 
-
· " - -
— 
-
— 
T > 
V В 23 yr 
__ _ 
> = 4 i 
1 
_ 
1' 
— 
ΐ^*— 
80 
mm 
0 20 4 0 6 0 
Fig 4 Niirin.il (іилеч icpicKiiung gasine enipmng 
\ s.iinc лоіііпісеі as SIIOIMI in lablc "> 
В sonic olhei examples 

С Η Л Ρ Τ K R J U 
N O R M A L G A S T R I C E M P T Y I N G 
Alihougli several aulhois have picviously icporLed on normal values 
ot gasuic emptying ( H u m 1957, Gri l l i t i ! ! % ( ) , Fiiclrich 1970) it was 
ihought desirable LO re-evaluate the published data. 
This is because ol the Mlowing reasons: 
1. I h e dilleience in pioccduie and et | i i ipmems. 
2. To establish a statistically valid lange ol values in a lepiesentaiive 
noi mal population. 
íi. T o conliim the validity ol the exponcntiial function ot gnsuk 
emptying. 
4 T o establish the repioJucibilitv ol the technique. 
VIUERUL. 
30 Healthy volunteers weie studied, on v\hom 10 expei imciils wcie 
perlotmed. The age langing [rom 19—48 veáis, with the majoiity in 
the eaily twcniics (the inetlian age 2() yeais). 
This population consisted ot 19 males and II lómales. 
Statislically speaking (coirclalion cocllicient - 0 011)22) no lealaiion 
cotdcl he louiitl between cmpl) ing time and age (but it is emphasi/eci 
that none ol the voluntceis exceeded 48 years), nor among the sexes 
coedd any di He) enee be traced. 
Ten volunteers were studied in duplicate, each ot them within a week 
fiom their first expei iment. 
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l a b i o Vi list4, tlie lesiihs ol gasine enipiMiig ш ііиь noi mal | jo |nilation 
Раис ut 
1 J 
'¿ 1 
з ь 
1 ,i 
') 1 
( ' I 
7 M 
8 S 
Ч 1· 
К) ι 
11 \ 
12 H 
И V 
11 J) 
lr> 1) 
К) w 
17 II 
18 H 
]<) И 
20 С. 
21 / 
12 I 
24 V 
24 M 
2-) I 
2(> S 
27 1 
28 Г 
2«) H 
SO 1· 
В 
S 
11 
] 
s 
ν 
w 
\ [ 
I 
s 
1) 
H 
в 
1 
G 
\ 
λν 
г 
L 
D 
1 
w 
D 
G 
1) 
l \ 
В 
1) 
s 
λν 
Male 
Χ 
Χ 
χ 
χ 
/ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
s 
χ 
χ 
χ 
χ 
χ 
t e m a l e 
X 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
\ge 
19 
20 
2) 
20 
20 
23 
20 
21 
21 
21 
21 
28 
23 
20 
2Γ) 
18 
19 
11 
38 
VI 
24 
25 
S5 
10 
27 
27 
25 
25 
20 
2fi 
^Уг 
72 
38 
Об 
38 
18 
77 
54 
% 
23 
13 
55 
57 
42 
29 
43 
53 
39 
24 
45 
11 
10 
'І2 
30 
or. 
61 
09 
23 
64 
11 
63 
I лМс. \ l ( .ashи uii|>i\mo ιιιικ in .ι οιοιιρ ol JO i ioniu l w i l m i u u s 
Fxplaiiaiion lo іаЫс Vi 
T h e mean TJ/^ Avas cakulaied to Le 17 m i n , Uie standaid deviaiion 
15 min T h e staiidaul deviation foi age being 9 yeais 
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T h e normal Т ^ frequency distribution is given in fig. 5. 
9.5 Τ У г 
Fig. 5. Frequency clbtiilnitioii of Ij/J in same group as tahlc 6. 
In the following table the results of duplicate studies are reported: 
Patient 
1. J. B. 
2. F. H. 
3. Y. J. 
4. M. W. 
5. S. M. 
6. F. J. 
7. D. T. 
8. H. T. 
9. A. D. 
10. M, Cx. 
Male 
X 
X 
X 
X 
X 
X 
X 
Female 
У 
X 
X 
Age 
19 
25 
20 
20 
lil 
21 
26 
11 
.45 
κι 
ту
г 
51 
66 
38 
54 
56 
25 
29 
21 
30 
66 
ту
г 
51 
60 
•15 
56 
35 
32 
23 
22 
34 
63 
Table VII. Results of duplicate studies of gastric emptying time in 10 normal 
volunteers. 
T h e standaid deviation in die dillerenccs ol the duplicate expciimenis 
is: 
•> ι = I 
S.D.= = 3 
2 и 
in which d = diHereiue in duplicates 
n = number ot duplicates 
I he 9Γ)% conlidence limils loi the standard dexiation ol the measuiing 
e n o i aie 2.36 and j.fiO. 
T h e table cicali) demolisti ates the pierisiou ol the pioccduie. 
DI sci'ss ION 
' I h c validity ot this te(liiiit|iie toi the t.dculatioii ot gasuic emptying 
depends on se\eial factois 
First that the stomach lemains within the same .uea of interest through­
out the expei imem, to алоісі the inclusion of duodenal activity. If this 
occurs the experiment should be leiminated as measuiements would 
be unieliable. 
Due io the respibi ton movement and motoi activiu, the shape and 
posilion ol the stomach is not constant. Hov\e\ei by choosing the piopci' 
legion of ¡merest lo encompass the whole gastiic activity making 
allowance·, lor the slight movements ol the stomach, it was possible 
to iiiinimi/c the el led ol this technical lac toi. 
Dining the ечреі imeni it is assumed that the stomach remains within 
.i un i toi m depth [ioni the sin tace oí the skin under the cletcctoi, so 
ihat a unilonii absoipiion ot the activitv in the stomach would íesull 
Xlthough this assumplion is not stiicllv tuie, il is noi a significant 
soni re ot enor . 
t h e le.sulls conti imed that the piocess ol emplving is exponciuial, at 
least dui ing the period ol the cxperiincni. one and a hall lioin liom 
the adniinislialion of the meal. 
lievond that time the cuive is ol no impoi Lance toi the pin pose of this 
sludv. 
C H A P T E R I V 
EMPTYIN'G T I M E IN G A S T R I C P A T H O L O G Y 
IMUODU.IION 
Mudying ein[jt)iiig unie ni sluiuadi p<itholo}>y is οι gieat clinical 
impoiLiiiicc. This is because deliiiing changes in the empiying pattern 
ot tlie stomach would lead to the belici understanding ol the associated 
pathological conditions. 
Hi the i to published data ol l']/^ ot gasti ic eiiipi)ing in the palhological 
stomach has been inconsistent and contraclictoiy (Giiltith 19GG, Fi ich ich 
1970, Meade 1970). 
In patienis with duodenal ulcei, hypcisecretion ot g.istric acid is 
coininon Thi s led to a common beliet thai such paiienis ha\e rapid 
gastiic emptying (Huist and Stewart 1929 as c]noted l)y H u n t 1957). 
Similai conclusions can be lound in tlie woik ot G i i t l u h (1968) 
Sonnemakei (1970) H a n c y (1970) and Kelly (1971). On the othei hand 
H u n t in 1957 icported not mal gasii ic emptying in a group ol 15 
patients with duodenal ulcei. Schmid (1971) came to the same con­
clusion. 
Fiidrich (1970) cai lied out a similai investigation and icpoited however 
that patients with duodenal ulcers show piolonged gastric emptying 
time 
I'Rl· Ol'l R A I I V r M M I KIM 
In the pi esc in study a g ioup ol Hi patients with duodenal ulcei s were 
examined pie-opeiati\el\. 
Ol (lie Hi pi i ienls 2 weie Iemale, II male. T h e age vaiying be tueen 
26 and 71 years. 
None ol the patients had been pieviously opeiatcd upon loi gastric 
complaints. 
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I'RE-OPLRVriVE 
RESULTS 
Paticni Male Femelle Age Τ!/ 
1. J. v. L. 
2. Α. К. . . 
3. W. L. 
4. P. S. 
5. H. S. . . 
6. W. S. . . 
7. M. \. J. 
8. S. J. M. 
9. G. K. . . 
10 M. L. S. 
11. P. G. . . 
12. J. S. . . 
13. Th. v. S. 
14. P. 11. . . . 
15. G. J. P. 
16. V. R. . . 
X 
χ 
χ 
χ 
X 
X 
χ 
X 
X 
χ 
X 
X 
X 
X 
43 
41 
20 
50 
74 
63 
53 
35 
52 
52 
29 
40 
44 
31 
40 
16 
33 
36 
84 
41 
124 
34 
25 
21 
28 
50 
135 
57 
53 
38 
57 
36 
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І І І ^ \.lines .ne wiclcl) spicacl ovei a i.uige ot 21 lo 133 mimiies Willi 
.1 mein value ol 51 mmiiics ilus senes seems lo tall in tlic nonnal lange 
Hovvcvei, it one takes a closei look at ilie tabulated \akics one would 
notice thai paiicnis no a, "> and 11 demonsi iate a piolongeil gasine 
einpt) ing lime chicl i is ol)\ionsl) out ol the lange ot the lesi ol the 
patients 1 tie icason loi this piolongation ot gastiu emptying \\аь ont) 
ie\ealed ul ien illese patients wue latei opeiatcd upon 
D u n n g tlie suigei) it was lound that each ot the 3 patients liad a 
d u o d u i i l ukei complicated b) pa lone stenosis 
l o i lins icason it was decided, in letiospect, to calculate the mean 
emptying tune toi uncomplicaicd duodenal ulcei b) CKcluding ttiese 
3 patients 
\ccoiding to the i tes i toi two samples (Student) it is seen that the 
mean time 1 j/2 toi tins gtoup is shghth taslei than in the noi mat 
g ioup 
N - H 
mean I }/2 - 34 
S D = 1 1 
Ρ = 0,08 
When illese lesulls aie (Oiiipaicd to wliat is lepoited in l iteialuie, 
il is evident tliat all thtee opinions ol gastiic emptying lime m patients 
with duodenal ulcei, namel) piolonged, l iuined, and nonnal 1 ^ v\eic 
deinonsliateil in this stud) The dillcienees in the lesults depend on the 
sclectivitv ol the sample studied 
If one takes all values m, without the exclusion ot complicated cases 
mean 1 ]/£ would be nonnal 
Houevci , it cases with palone stenosis aie excluded, the mean 1 1/^  
consccjuentlv will be Cound to be l u m i c d 
If the cluneal maten.il (esteti, happens to consist ol patients pic 
doni inant) with complualed duodenal ulcei one would expect a 
piolongcd mean 1 l/^ 
Having deieninncd die mean gasine einplving time loi the g ioup 
ol patients Willi d u o d c n i l ulcei, pic opeiativclv, it is onlv logical that 
the (est would be icpcated posiopeiativclv, to siudv the mllucnce ol 
tlie diffeicnt suigical pioceduies on g i s t n c emptvmg 
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SURGICAL I'ROCLDllRl S FOR DUODENAL ULCER 
Two main L^pcs oh opeiaüoiis are employed for the t ieatmcnt oí duo-
denal ulcer. ' I h e tirst method follows the ргіпсіріеь introduced b) 
Billroth, who in 1882 performed the tirst gastiectom). 
Seveial inodiiicaiions have heen published since then, all methods have 
one aspect in common: a p a n of the stomach 01 sometimes even the 
whole stomach is iemo\ed ) and in consequence a new anastomosis 
has to be made. 
Ί ο regulate the gastiic emptying late the diametei of the stoma must 
be smaller than that ol the anastomosed small intestine. 
T h e lapid emptying of the stomach lollowing gastric surgciy was 
mentioned by se\eial investigators, among whom were Hertz (1У13), 
Mix (1922) as quoted by Helge Sigstad (1(J71), lu i ther In /ollingei 
(1947), Cappei (1955) and Millet (1963) as quoted by Silvci (1967). 
Buckler in 1967 studying 182 patients with peptic ulcer postopeiamely, 
both with a method utili/ing a nasogastiic tube, as well as the test meal 
method with cntciic coated ba i ium granules, concluded that theic is 
hurried gastric emptying time in all cases of gastiic lesection. 
In gastioentei ostomy alone i.e. low antral anastomosis, howe\er he 
found that gastiic emptying appealed to be noimal oi slightly increased. 
T h e second appioach to the t ieatmcnt ol duodenal ulcei suigically 
made its lirst appearance in 1913, when Lester Diagstedt introduced 
the supra diaphiagmatic section ol the vagus nerve (Diagstedt and 
Owens 1943). 
Soon attci this kind of vagotomy without diainage was emplo\ed, it 
was found that subsequent gastric stasis oltcn led to unpleasant symp­
toms of le tent ion and re-ulceiation (Diagstedt 1949). 
Since then a numbei of diainage pioceduies have been used with 
vagotomy to p iomote gastiic emptying. 
Buckler (1967) states that the combination ol vagotomy and pyloroplasty 
still pioduccs a delay in gastiic emptying. Other investigators among 
whom aie George (1968), Hall (1970), 'I inkei (1970), Mckelvey (1970) 
and Cobb (1971) claim the opposite effect. 
Due to the dissatislai tion with this li untai \agotomv (with pyloro­
plasty), Jackson and Fiankson in 1948 int iodutcd the method ol 
selective gastiic vagotomy, preserving the hepatic bianch and the plexus 
coeliacus of the vagus nerve. Although this technique did pi event the 
peihaps most t ioublesome complication i.e d i a n h o e a in many patients, 
gastric empyling was still h u n i e d , due to the drainage piocedure 
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(Sawyers 1968 and Johnston 1970). 
The latest step in the dexelopment of vagotomy which occurred in 
1969, stems I rom an experimental introduction by Griflith and Har-
kins (1957). 
Binge (1969), Amduip and Giiflith (1969) and Johnston and Wilkinson 
(1970) mtrocluced and employed the „highly" selective vagotomy. It 
is assumed that antral motility would he unimpaiied, gastric emptving 
would l)e noi mal, and as a lesult o[ the last fact a chaînage procechne 
would be unnecessary. Ί he method leaves the vagal fibres passing to 
the distal 5-7 em's of the stomath (the nerves ot Lataijci, 1922) intact, 
so that we can say th.it onl} the parietal cell mass of the stomach is 
d e n e n a ted. 
Kelly and Kennedy (1971) tested the validity ol this hypothesis in 
experiments with dogs. They suggested that the ommission of a 
diainage procedine is safe with highly selccthe vagotomy. 
Figiuc 7 summaiizes which vagus fibres aie dissected in each type ol 
ν agotomy. 
Hepatic plexus 
Nerve o f 
Latar jet 
Highly selective vagotomy 
Anter ior vieuw 
ANT. VAGUS POST. VAGUS 
Coeliac 
plexus 
S e l e c t i v e vagotomy ( b i l a t e r a l ) 
Tig 7 Diagiain of sues of lesection for sclectnc \.igotom\ opciations (aftci Binge 
1961). 
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I 'OSlOl 'ERAnVF \ I A T r R I \ L 
(»astile eniptving lime was incasiiicd m <i g ioup of 25 patients siugicall^ 
neatcil foi peptic ulcci 1 lie dale on u l u r h the cxpeinnent was pei 
loi med was sthediilcd appioximatt 'h tin ее months afiei opeiation 
\ follow tij) ol 1 oi moie veáis would ceitainly be intciesting, although 
it \vas thought that it would not d n c c i h icllect ihe effect of suigcr\ 
RLSULTS 
POSTOI'l KATIVL 
Patient 
Í H 
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G H 
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A H 
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S [ в 
G К 
Ρ в 
ЛГ I s 
I s 
I h л S 
л К 
А I 
M,ile/temale 
M 
M 
M 
M 
Λί 
M 
,\r 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
\r 
M 
F 
λΓ 
M 
Λί 
M 
\ge 
r)0 
If 
17 
85 
37 
10 
'58 
30 
ts 
28 
1') 
25 
25 
W 
ÍS 
50 
(,3 
35 
52 
10 
31 
52 
M 
11 
26 
ГЧре of Opeiat ion 
Gastiectoim 
Gasliec toni) 
GastrctiorriN 
Ί V + Ρ 
1 V + Ρ 
1 V + Ρ 
S V + Ρ 
S V + Ρ 
S V + Ρ 
S V + Ρ 
H S V 
H S V 
H S V 
Π SV 
Gasiiecloim 
Gasticclomv 
Gasticctoim 
S V + Ρ 
S V + Ρ 
S V + Ρ 
H S V 
S V -Ι- Ρ 
H S V 
Gasiiectoni} 
Casti ectorm 
^И 
37 
20 
13 
15 
22 
И 
32 
23 
50 
8 
38 
40 
24 
41 
33 
35 
17 
12 
20 
47 
41 
72 
56 
24 
26 
I .il)li Ι \ Ι mplMiig (mie in л g i o u p (>C p . U u n b М І І Ц К . І І К Healed fm p t p l u ulcci 
I \ -|- !' = tiLiiuil л а с о і о п п ріич p\Uii()plast\ 
S \ -)- 1' _= s d e t l n c N.inoroim plus ρ\1οιορ1,τϋ\ 
U S X = liiglil\ s e l c t l n c \ас;оІоіт 
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T h e fiist concern was to compare the mean T · ^ of this group with the 
normal group. 
Applying Student's test for comparing the values of the surgical group 
with the values of the normal populat ion sample, it was lotincl that 
the surgical group is Inn ricci, and the difleicnce between the two groups 
is highly significant with 
Ρ - 0.0005 
ЛГеап Ty2 - 32 
S.D. = 17 
In this total g ioup thiee difleient surgical procecluics were perlormed 
.(. Gastiectoniy, N = 8 p.iticnls of whom one had undergone В I type 
anastomosis, the otheis В II type. 
b. Selective vagotomy -)- pyloroplasty oi truncal vagotomy -\- pyloro­
plasty, N = 11 patients. 
These two piocechires are gi on peel together because pyloioplastv was 
pei formed in all cases. 
с Selective vagolom) u i l h o u l pyloioplasty, N = G patients. 
Till · GVSIKl C.IOMV C R O I T 
Special mcasuics v\cie taken in this g i o u p to focus the concct region 
of interest. 
Each ineasuicment was watched ciitically, to avoid any part of the 
anastomosed small intestine being included in the icgion fiom which 
the Dyna cameia samples its counts. 
In this g ioup mean T ^ was found to be 25 min. S.D. = 9. 
This Τ·/2 is signilicantlv laster than that in the noi mal group 
(Ρ = 0,0002). 
Patient 
J. H. 
]. v. d. L. 
Λ. K. 
W. L. 
H G. 
P. S. 
w. s. 
A. R. 
Male/Female 
M 
M 
M 
λΓ 
M 
M 
M 
M 
Age 
50 
43 
41 
2Γ) 
44 
50 
63 
47 
ту2 
37 
33 
24 
26 
20 
35 
17 
13 
I able V I'oslopci.unc \alucs ol рампе cni])l\iii}>; (il 
|>filiciits n cal cil with gasitcctnim for cluoilcnal uker 
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THE VAGOTOMY PLUS PYI OROPLASTY CROI Ρ 
This groiip of 11 paiicnis showed .1 mean T1/^ ol 32 
S D 21, compuiecl to the normal .цюпр these values .ue significantly 
faster (0,01 < Ρ < 0,02) 
Patient Male/Female Age T ^ 
в. ι. 
G. H 
H W 
К. R 
S J. lì 
P. ν d B. 
f ^ H. 
M. L S. 
J.S 
I Ih 
G. К 
M 
M 
M 
M 
M 
M 
M 
F 
M 
M 
M 
85 
37 
10 
38 
35 
30 
48 
52 
Ί0 
28 
52 
45 
22 
11 
32 
12 
23 
59 
72 
47 
<8* 
20 
I n h k \ I l'oMopeintnc vaino of gasine tinptwng in 
л gioiip ol paiicnis (icatid «ith \ag<>iom\ plus ρχΐυιο 
plast) 
* Utoiding to the Ic.isl «cpiaic mctlioil the \aliic \»,іч lalniUitcd to be Ί ininiiles 
Ноие сі as the fust iiieasiiictiient »as done Я munîtes aflei the Ucakfast the 
\aliic was uut ten as < H 
ТНГ НІСНІЛ S H l ( l l V r V\C.OTOMV GROUP 
This g ioup, though small, lepiescnts л \er\ ¡ntciesiing sei ics in this 
study, as no p)loioplasty \v,is performed 
T h e jjostoperative contiol on the completeness of \agal denervation 
w.ts perfoimed Л ІІІІ the Hollandei test. A positive insuline ι espouse 
was tonni] in one patient The othei patienis η eie ncgatñe, also in 
lepeated testing 
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Table X l l shows the results from this g roup: 
Patient 
Th. v. 
P. B. 
w. o. 
A. B. 
J. H. 
II. s. 
Mean 
S. 
ти = 
Male/l·' 
= 41 
M 
M 
λί 
M 
M 
M 
cmalc Age 
44 
31 
19 
25 
25 
49 
ти 
56 
41 
38 
49 
24 
41 
S.D. = I l 
I :il)lc \ I I . Rcsul ls of gas i iu cmptMiig in a р о ч ю р с і а -
i h c g i o u p of p.Tlicnls l ica lcd willi higlilv sclerlivc 
\.igotoin\. 
Arcoiding to Student, this group docs not signilicantly ditfer Irom the 
nonnals (P = 0,35) 
DISCUSSION 
Measuring gastric emptying time in patients with gastiic pathology pro­
duces some interesting findings. In the preoperat ive group 3 obviously 
prolonged values of T]/£ were lound due to pyloric stenosis, revealed 
d in ing the operation. 
This is of gieat importance to the surgeon in consideiing highly selec-
tive vagotomy. T h e surgeon should know whether his patient has pro-
longed gastric emptying lime or not. II the patient demonstrates a pio-
longed time, then pyloroplasty is high!) indicated. As this tesi is both 
sensitive and reliable, the surgeon should not hesitate in performing the 
pyloroplasty, even in the absence of obvious librosis or hypertrophy 
of the pyloric region. 
Also of interest to note is that in both the group of gastrectomy and in 
the group of vagotomy with pyloroplasty hurried emptying time occurs, 
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with pieservation ot the exponential pattern of gastiic emptying. 
Obviously the coi pus pait ol the stom ich is still fulfilling its leservoir 
lunction and still legularly distrilniies paits ol ihe meal to the small 
intestine. 
Another intcicsting finding is that highly selecihe \ngotomy indeed 
can be done without a drainage pioceduie. Although the material in 
this g ioup is small in number, the emptying pattern is pei fecth 
normal. This sliongly snppoits the findings of Johnston (1970) and 
Kelly and Kennedy (1971) that this seems lo be the treatment of choice 
for peptic ulcer, as it does not pioduce motilitv distuibances of the 
stomach. 
This study demonstrates the value of this tracer technique for studying 
gastric emptying both pre- and postopeiatively. 
It was our experience that on several occasions, when the operator 
was confronted with postopciativc complaints for which the radio-
logical examiniation gave no explanation, this tiacer method did show 
a prolonged emptying time, which was confiimed by the suigeon re-
operat ing upon the patient (Rutten 1972). 
T h e following is a summary of a case that would illustrate this situation 
lì. H. is a 51 yeais old gemale rrlin ira*; operated upon in 1969 for 
oesophageal legurgilation. The smgical procedine consisted of funchis 
plication accouling to the tediniquc of Nissen. 
Because of hypcrchlorJiydria the smgeon decided lo perfoim a selective 
vagotomy phis pylotoplasty at the time of the operation. 
Follou'ing the surgery her heart-bin η complaints changed into post­
prandial discomfoit, expicssed as nausea and pain after each meal. 
Tn addition the patient developed abdominal distension 3 months 
before she was seen. 
The abdominal distension was associated with a feeling of bowel gasses 
which xveie not relieved in any way. The patient was admitted to 
hospital twi<c because of hei flatitlancc which required naso-gastric 
suction Radiological examiniation revealed postsurgical changes, other­
wise no abnornmltiy of the emptying pattern could be detected 
The patient's complaints persisted witli deterioration oí her general con-
dition and piogresshie weiglit loss. 
in January 1972 a gastric tracer study was performed which showed a 
piolonged em plying time rrith a T\4 of 12/í minutes. This finding xi'as 
considered to be a reasonable clinical explanation of the patient's 
symploms. Accoidingly the suigeon decided to explore (lie palirnt. 
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On Inpmotomy the following ?rrn tepoitcd 
Noimal pyloioplait^ icgion, gasine lonsliutwn due to omental ad 
кечют, gaUnc toision along its longitudinal axis to the left side 
Because of these findings the smgeon ie<onsli uded the fundus plication, 
icleused tlie adliesions and peifoimed gastiopexia posici ιοί and finally 
antìal lesection Willi end to end anastomosis was peifoimed Post 
opc'ialively tlie patient made a qutdi i<(oveiy with no lomphialions 
and 3 weeks latei slie -was disellai ged fiom tlie hospital in a good con 
ditwn 
In shoit it can be slated that when sui «¡tal therapy for peptic ulcei 
includes variations ol v.igotoni), it is an achantage to have an impies 
sion about the patient's »asliic einpytin» time 
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C H A P T L R V 
E M P T Y I N G I I M L · IN E X T R A G \S 1 RIC Ρ Λ I H O L O G Y 
I M RODI С HON 
It is known that gastiit e m p t u n g is delaved b) st imulation ot duodenal 
clitnioiccLptois as acid, lat and osmoieccptois, pies i imabh acting 
thiough local icilcxcs (C hus tu i scn 1471) 
\.n) abdominal palholog> that inteifeies with the gastiо intestinal 
physiology would theieloie be expected to ha\e some inlhicncc on 
gasine emptying 
Seveial a iuhois T h o m a s (1957), Roer (1()58), Кош las (1%4) and Klink 
hamcr (ІЧОЯ) have desenbed a lelation between abdominal cxtia gastne 
pathology and gastne function 
In the piesent investigation gastne e m p t u n g was studied in two t\pcs 
ol exit a gasine pathologv 
λ Chiome cilciilai gall bladdei disease 
В Regional ilcilis (Giolms disease) 
Λ CAS I RIC I MIMI INC. IN CHRONIC CAICUI AR СНОП ГЧ STIlIS 
T h e assoeialioii of gall bladder disease and gastric pathology is the 
sub]crt ol clinical, physiologic and pathologic inleiest Lamens (1918) 
sludied the iclation between cholelithiasis and gastne secietion and 
came to the conclusion that patients sul lenng liom chionie gall bladder 
disease lathei olten tlcmonstiate achlolnclna 
Ma|ooi (1917, 1919 and 1952) suggested that gastiectonn followed b\ 
В II tv pe ,ιη istomosis pieclisposes to the lonnat ion ot gall stones Hoi 
wit/ (!%")) с on In med this opinion 
ν d Wall (1970) icpoited m his thesis I)e thcone van de gastiogene 
cholecvstopathie that manv tv pes of gastne palhologv aie associated 
with the development of gall stones 
Tapiovaia (1958) explains that the diffcient digestive oigans aie inti 
mately lelated due to then n e h supply with autonomic mneivat ion He 
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quoic's previous investigations (faiiowski l(J5l, Hoeiske 1919, joske 1955) 
dcbttibiiig the аььосйіііоп ot gall blucUlcr disease with various functional 
disturbances and patho.inatoinical changes of the stomach such as 
gastritis, gastric and duodenal ulceis. 
His conclusions weie summarised as follows: 
1. Symptom-tree gasiroduodcnum is significanti) less common in 
patients with gall hladdei disease compili ed to noi mal conti oís. 
2. Emptying difficulties and gastroduodrnal spasticity are more frequent 
in patients with gall bladder disease than in normals. 
From the above review one might ask what would lie the influence 
of gall bladder disease on gastric emptving. 
м л ι TRIM 
10 Patients with ladiologicall) coutil med gall stones v\eie examined, 8 
o! them before and alter surgery. 1 Wei e males, 6 témales with age 
ranging from L'O to 54 vcais. 
Rl'.SUI is 
T h e lesults of the gasliic emptying time can be seen in table Х Ш 
Patient λ f ale/Female Age TJ, 
Μ. Λ!. 
J. S. P. 
). B. G. 
15. v. G. 
P. s. 
W. H. 
A. K. 
J. d. B. 
Μ. E. E. 
J. S. 
F 
F 
F 
M 
F 
F 
M 
M 
F 
M 
37 
37 
20 
50 
4Ü 
29 
54 
48 
36 
43 
44 
31 
21 
114 
25 
27 
20 
38 
18 
23 
Table XIII (.asine empuing unie in paliculs wilh i.ulio-
logicallv fonlmiicil gall stones рісорсмпІічсЬ 
N ß l'at l l \ . ( . was (onscivatnclx iicated foi pepi IL и liei 
") \eais puoi to this iinesligaiioii 
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Саьс luimber 1 ga\e a hibtoiv of peptic iikei j )eais prior to his picscnt 
examination л ііісіі was treated conservati\ely. 
Later, when he was subjected to diolecystectoiny, the singeon discovered 
that he had pyloric hypeitrophy. 
This explains the piolonged emptying T ^ value i iom this patient and 
recommend the exclusion ol this \alue in calculating the mean Ί"1/^ ot 
the gioup. T h e mean T ] ^ from the group ol patients with gall bladder 
disease is signiticantly hurried when compared to the mean T]/^ ot the 
normal group using the Student's test 
'l'y2 = 28 min. 
S.D. - У 
Ρ -= 0,001 
In order to establish the signilicance ot the li in ri eel gasti ¡c emptying 
in clnonic gall bladder disease, the same gioup was le-exaniincd 8 
inonihs following cholcc}stectom\. The pre- mid postopciai i \c \alucs 
aie listed in tal)le \ I V 
Patient Pre-opcrathc Post-operative 
M. M. 
] . S. P. 
J. В. G. 
в. v. (;. 
p. s. 
W. H. 
л. K. 
J. d. B. 
M. E. E. 
J.S. 
4 f 
31 
24 
111 
2Γ) 
27 
20 
38 
18 
23 
73 
80 
-
105 
58 
42 
64 
47 
-
3Ü 
Tabic \ I V ( ompaibon ol pic- and роморсіліпе values ol 
gatti к cmplving unie in p.iticntt following iliolccvstccloniv 
* l'alleili did not к lui η pott-opciativclv foi lepealing tlic счрсііпкчіі 
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biom the table one can obseive that all 1 ]/£ value"» ic tu ined to noi inai 
lollowmg the cholec)stcctoin) with the exception of case 4 Applying 
S t u d e n t s test, the pos tope ia tne values showed no sigmhcant diffciLiice 
h o m the noiin.il population \alues 
Ί-1/2 = Γ)7 nun 
S D ld 
Ρ > 0,30 
\s mentioned beloie case 4 uas lound to ha\e p)loi ic h)pe i t ioph\ 
d i n i n g the oj)Li,ition and the suigcon decided that no collection was 
l e q u n e d 
hollowing the сіюісс^ыеіtoni) the Τ і^ was still piolonged 
DISCISSION 
1αριο\αια 111 I'HcS piedit ted that in chiome gall bladdci disease pio­
longed gastnc emptying is ex])ected 
In the h t e i a t u i e available toi leview, h u m e d gastnc emptying in 
patients with chiome gall bladdci disease w.is nevei lepoitcd beloie 
T h e Iindings of the piesent investigation, showing cleailv a significant 
shoitemng ol the i]/^ of gastiu cmpt) ing m p.UiLiils with cholelithiasis, 
is ol gieat clinical inteiest 
U n s inteiest is even gieatei as the values ol 1 ^ let iuns lo noi mal 
lollowing choice)siectoni) 
Hie explanation of these findings can be lelated to the fact that the 
piesence of fat 111 the d u o d e n u m delays gastiu emptving Texlei (19()8) 
states that b iha i ) and pa iu ie .mc secietions .lie essential foi the in 
hibit ion of gastnc motih) b) fat 
Mead in 1970 studied the gastnc emptying m noi mal tasting individuals 
and tound а lange of IS-^O minutes with a mean value of SO minutes 
l i e icpcatcd die studv aftei ihe adnunist iat ion ol α high fat containing 
bieaklast and icpoitcd an aveiage emptving tune ol 145 minutes 
O n e assumes that 111 chionu gall bladdei disease wuh the (hai.u tei istic 
l.tt (l)spepsi.i, inadequate biliaiv secietions icadi the duodenum 
I his leduction 111 the a m o u n t ol bile leaching the duodenum inteifeies 
with the piopei emulsificalion ol lat and pet haps consequcntlv intei 
feies with the inhibitoiv ellect ol fat on the gastnc emptving lime 
If this is true one can undci stand the leason foi the Inn n e d emptving 
time l e t u i n m g to nonnal values following (holecvsteclomv and the 
noimahzat ion ol the biliaiy How 10 the duodenum 
48 
Aiioiliei expla iu t iou c m bc suggested il the lack oí the bile salts per se 
in the cluodcnLini would inlluence the activity of the gastro-antral pump. 
It is also possible that due to the fat dyspepsia and dietary restiictions 
associated with clnonic gall bladder disease such patients develop a 
d iüercnt equilil)!inni ol gastiic empyting. 
II. G^SIKIC LMI ' IMNG 1\ CROHN S DISI ASI 
In 1932 Crohn and cowoikers desciibed a new entity ol clinical symp-
toms which they gave the name: icgional ileitis. 
'I'lie chaiactei istits ol this illness are due to clnonic inl lammatory 
changes of the intcsiinal wall with a tendency to scarring and fibiosis. 
Ross (1949) and Man in (1953) desciibed patients sultering Uom Ciohn's 
disease i m o h i n g the stomach. 
According to Veischu)! (1971) the g.istiic involvement in the disease 
occurs in up lo 1'^, ol the cases. 
Scveial authors mentionecl the possible influence of m. Ciohn on gastric 
emptying (Carlisle and Judd in 1952) (Thom.is 1957) due to stasis 
through pyloric stenosis with gastiic ictcntion. It was therefore decided 
to choose this illness as the second extra gastric pathology lor studying 
gastiic emptying time. Λ g ioup ol 5 patients were pre-operatively in­
vestigated, 3 of (hem were contiolled postopeiativel). 
I h c lesults are given in table XV. 
Patient Male/l-emale Age T]/¡, pie-opcrati \el \ I y¡, post-oi)ei ativeh 
121 
% 
33 
I able W ' ( οηψ. ι ι l 'on ol pic- mul poslopcial iNc values ol ¡>asiii( cnipiMiig tunc in 
p.uicnis u i t l i C i u l m s disease 
'1 his g ioup lepiesents a small number of paiients, howevei some 
lemaiks can be made. 
1. | . v . d. D. 
2. M. V. 
3. F N. 
4. |. H. v. \V. 
5. H. W. 
M 
F 
M 
M 
M 
55 
52 
21 
22 
20 
Gl 
(¡5 
24 
И 
95 
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Reliable statistical evaluation ol the lesults υί the calculation ol Ί'·/£ 
in 5 patients is not possible. 
Still it seems justitieel to state that the results are widely spread, and 
that there is no evidence for a distinct delay or hurrying of gastric 
emptying. 
T h e reported incidence of 1% ot gastiic involvement in Crhon's disease 
is of interest. However to detect its int lueiue on gastric emptying would 
require a rather large series of patients, which need a long time to 
obtain. 
In contrast to the cleai-cut findings ol gastiic emptying in the gall 
bladdci g ioup, the effect ot regional ileitis on gastiic emptying is ill-
del ined. 
From this one concludes that whereas chionic calcular gall bladder 
disease has a direct etlect on gastiic emptying, such an effect is not 
demonstrated in the examined cases ol Crhon's disease. 
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SUMM VRY 
This study was inm.iiecl 1)) ilie i iuioduction of a tiacei technique loi 
mcasuiing the gdstnc emptying time b) ОііІГаІі (19òò) 
T h e techiiu^uL is liasctl on an obsuvat ion by H u n t (1951) that gas t u t 
e m p t u n g is .m expoiiLiitial piotcss 
T h e pinpose ol this study was to J nul out if the method is thnically 
useful, l ep iodut ib le and icliable, so that it could be applied to the 
evaluation ol gasine emptying Hint in nounals and suigital patients 
Chaptei I stalls with ι ie\iew ol ttsis which u n n i I'JW) weie employed 
for measuiing gasine tmptying time 
It is tonchitltel that u o n t ol them wt ie pliNsiologual, although some 
gave good infoimation about the emptving piotess m the initial ph isc 
Chaptei 11 deals with t h t mtthoilology ol the t i a t t i technique H i t 
ladionut l ide used m ihis study is , ) ' , l l l le , bound to antimony sulphide 
colloid, oially admmisteied to volunteeis and patients as a test bieaklast 
In oider to coutil in that this compound is not absoibed in the gastio 
intest imi tiacl, expciimcnls weie done on labbits as well as on a 
vohmteei T h e o b t i m e d l)lood simples t o n l n m e d that t h t laljtlltd 
colloid is not absoi bed 
I h c ladiat ion dclceloi syslem used in this thesis is the Pirkei s Dyna 
cameia A desci iption ol the peifoimance and capabilities of this 
gamma с anici a is ilso give η m tins chiptei 
In Chaptei 111 llic evaluation ot noiinal gasine emptvmg is gi\en M) 
Healthv volunteeis weie studied on 10 of llicin the test was icpeatcd 
It is concluded that the method is phvsiological and lepioducib l t and 
that gastnt emplying is an t x p o n t n l i a l pioctss 
T h e T j ^ ol tins g ioup (being the u m e in whith liait llic acti\ii\ mi il 
left the stomach) was calculated to be 47 min S D = 1 5 min 
Chaptei IV lepoiis on gasine emplying in patients with d u o d m il ulcei 
T h e p ieopeia t ive maienal consisting of 10 patients showed a vvulclv 
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spiccici lange ol values, due to the presence ot tibrosis and pyloric 
stenosis in some ol the patients. 
T h e mean gastiic emptying time for uncomplicated duodenal ulcer is 
statiscally slightl) lastei than in the noi mal g ioup. 
Following a leview ot the several singical procedures tor duodenal 
ulcer, a posiopciati\e mateiial ot 25 patients is discussed. T h e dif tei enee 
between this g ioup and the noi mals is highl) signilicant, i.e. the emp­
tying time ot the postoperatne g ioup is hurried. 
In discussing the postoperative g ioup accoiding to the diffcient surgical 
pioccduics, it is concluded that onl) in the g ioup ol selective vagotomy 
without pyloioplasty, a nonnal gastiic emptying occuis. 
As this method does not pioduce motility distilibances, it seems to be 
the t ieatment of choice foi peptic ulcei. 
l 'uithei it was lepoited that in seveial cases when the ladiological exa­
mination gave no explanation lor postopeiati\e complaints, this tiacet 
tcchnicpie showed a prolonged emptying time. 
Λ sunnnaiy of a case that illustrates this situation is given at the end 
ol this chaptei . 
T h e last chapter discusses gastiic emptying time in two types ot extia 
gastiic pathology. 
The fiist g ioup consists of 10 patients with clnonic calcular cholecystitis. 
Thi s group shows a highly significant h u n y i n g ol the emptying piocess 
whereas postoperatively all the retested cases ι etui ned to normal values. 
Jn the l iterature available foi icview such a hur i ied gastiic emptying 
was not reported beloie. 
Jn the discussion theoiies are g h e n to explain this phenomenon 
The second pai l of the chaptei deals with a small g ioup of patients with 
Caohn's disease 
It seems justified to state that theic is no evidence tor a distinct delay 
01 h u m ing of gastiic emptying in this gioup. 
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S A M F N V / V n i N G 
De aanlcitling tot ilit oiidcizock л .^ de intiodiictic лап een n i e i m e 
methode lei bepaling \an de maagontledigingssnellieid niet behulp \<in 
een ladio-acliet isotoop dooi Giiffith (l()ß6) 
De techniek steunt op een waai neming van H u n t (1951) dat het pioces 
\ a n de maagontlediging exponentieel \e i loopt 
Het doel van deze studie was om na te gaan of de methode klinisdi 
biuikbaai is, en of de resultaten bciiouwbaai konden woulen geie 
pioduceeid zodat de methode aangewend kon woutcn tei evaluatie \ a n 
de maagontledigingssnellieid bi] noi male en (hmiigischc paiiLiiten 
Hoofdstuk I begint met eui opsomniing \ a n methodtn tei bepaling 
van de ni.iagontledigingssnellieid zoals die tot 1%6 weiden geblinkt 
De conclusie luidt dat geen van deze uictliodcn fvsiologisch is hoewel 
sommige cen goede indi uk gaven van hel oniledmgspiores m de 
lieginfase 
Hoofdstuk II handelt ovei het gcbiiuk van de nacei techniek Het in 
deze studie gebt nikte isotoop is het 'i''1 Τ с, gebonden aan ant imoon 
/wavel (olloid, dat de vii|will]gcis en patiënten kiegen locgcdiend m 
de vomi van een pioetoiitl)i)t 
Om na te gaan ol de/e \ e ib ind ing geiesoibeeul woidt in lu t maagdaim 
kanaal weiden с ч р с н т с п і с п gedaan /owel op konijnen als op een 
vrijwilliger 
De veikiegen blocdmonsteis bevestigden dat het gelabelde colloid met 
geresoibccrd woidt 
De in dit pioelschiilt gebiuikte appai a t u m is de Pickei s Dvna carnei a 
In dit hoofdstuk woidt teiisloite een beschnping gegeven van de uit 
voering en de mogeli |kliedcn van de/e gamma caineia 
In hooldstiik III woidt de noi male maagontledigingssnellieid besln 
deeid Γι /ijn metingen gedaan bi | 30 ge/onde viijwilligeis, waarvan bij 
10 duplo bepalingen weiden venicht 
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De comlusie is dal de methode lysiologisch en iepioducecih;iiii is, en 
dat de maagontlediging een exponentieel pioces is. De TJ/^ van de/e 
groep (il.i. de lijd waaiin de hellt van het iadio-aciie\e ontbijt de 
maag heeft verlaten) is 17 min., met een S D . van 15 min. 
Hooldstnk IV geelt de maagoiitledigingssnelheid hij patiënten met 
ulcus duodeni. 
Tiet p ieopeiat ie \c mateiiaal, hestaande uit Ui patiënten, лсгіооіп een 
grote spieiding in T j ^ waarden tengesolge \an hel vóóikoinen \ a n 
Hhroseiing en p\lorusstcnose hij sommige p.iiiëntcn 
De gemiddelde maagoiitledigingssnelheid hij ongecompliceerd ulcus 
duodeni is signilicaiit \eisncld vergeleken met de noi male groep. 
N'a een hcspieking \,in de \ ei se lullende cliii uigisdie methoden tei be 
handeling лап ulcus duodeni, woidi het postopeiatie\e maieiiaal van 
25 patiënten hestudeerd. 
Het velschil lussen deze gioep en de noniialcn is st.ilislisdi significant 
in die /in, dal de ontledigingssnclheid in de postopciatievc gioep ver-
hoogd is. 
Bestudeiing van de postoperatieve gioep aan de hand van de gebruikte 
chiruigische methode, leven als conclusie op dat alleen de gioep van 
de selectieve vagotomie /ondei p^loioplastiek een normale maagont-
ledigingssnelhcid vertoont. 
Aange/icn de/e methode geen oniledigingsveistoi ing geelt, lijkt het de 
methode hij uitstek te zijn ter hehandeling van ulcus duodeni. 
Er wordt % erder λ ci meld dat in velschillende gevallen, waaiin lóntgc-
nologisch ondei/oek geen vcrklaiing kon geven voor postoperatieve 
klachien, cle hcsclueven methode een vciliaagde maagontlediging aan 
het licht bracht. 
Tei illusliatie van deze bevindingen v\oidt een patiënt hesclncven 
Het la.itstc hooldstuk gaat over de maagoiitledigingssnelheid in twee 
sooiten extia-gasliischc j)atIiologie. 
De eeiste groep bestaai uil 10 paiiënien met galsieenlijden. I l ieiin 
ticedt preopeiatiel een /eei signilicante veisnelling op van de maag-
ontlediging, ici wijl alle posiopciaiicvc waaiden bleken te noi maliseien 
Ei worden theoi ¡eën besproken om dit veischijnsel ie veiklaren. 
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Het tweede deel van dit hoofdstuk behandelt een kleine groep 
patièntcn met de /iekte van Ciohn. 
Het lijkt gerechtvaardigd te concluderen dat ei geen duidelijke vei-
snclling of vertí aging van de maagontlcdiging in de/e gioep is waar 
te nemen. 
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E R R A T A 
οο'π Гс-Fe-complcx 
'»'»Tc-gl) cine-complex 
" • " Ί c-gl)cine-complex 
49m Гс-Fe-compIex 
P;ige 18 Table IV 
Min 
80 
should read: 
Min. 
30 
Page 15 line 2: 
chemoiecepiors as acid 
should lead: 
chemoreceptors, acid, 
Page 16: " " I c-complexes 
should read: 
"''"'Tc-complexes 

S I E L L I N С, Ε Ν 
I 
De bepaling \aii de maagontledigingssnelheicl met behulp van de gamma 
camera is een grote aanwinst voor de maagdiagnostiek. 
II 
Bij het beooidelen van de maagontlediging is naast de helling de \o im 
van de ontlcdigingscin ve van belang. 
III 
Indien bij patiënten met ulcus duodeni als chhuigische theiapie selec-
tie\e vagotomie /onder p^loioplastiek wordt o\ ei wogen, dient hieiaan 
een ontledigingsondei/oek met clc gamma tamera vooral te gaan. 
IV 
Paialytische ileus bij patiënten niet een langcliuige malabsorptic kan hel 
ge\olg zijn van een \ i tamine E tekoit. 
Is so called collagL'iiuiis s p i n e a fatal d i sease ' 
J I M. ISiRC.Hoi is, ( M М к \ л і \ л ( J Η \I \ \\ I O N O K H S 
J H. Smi'i'KMWs S T I K I K H F S , W . M \I DRII ssr\, [ \ . l u s -
DRK, 1' I l M Si ιιιι ι IM.s In [Mess 
V 
Het is waarschijnlijk dal koning David de wei king van penicilline heelt 
gekend. 
VI 
Лап de hcisenen van lijdeis aan een schizoliene delecttocsland blijven 
de s tructuien waarvan men aanneemt dat /ij de intra-aiealc associatie 
bemiddelen het meest intact. 
( h i a i u i u m r ( M o a i c h i l e n o i i i i s i)[ tlie liiiiiian i c i e b i a l c o i l c \ 
m sclii7olieiiic d e m e n i i a 
L· COLOS \cta \ e i i i ü | ) a [ h o l o g i i a 1972 201 1-10 

VII 
Het ν ooi sci η IJ ν en van \iumine С aan giavidae met tandvleesbloedingeu 
is wijwei steeds onvoldoende geiundeeid 
VIII 
De neiging die ei bestaat om chiiuigischc piestaties meer te waai deren 
naarmate /e sudici vvoiden veincht is gevaarlijk 
IX 
Het aantal lidcunen bij üetseib en bromtietseis kan vermindeid vvoiden 
volgens het principe van Igoio Kano (1800 l(J'-)8) 
X 
Beter naakt dan n)lon 
Λ Ρ M van Dam 
22 septembei 1972 



